City University of New York (CUNY)

CUNY Academic Works
International Conference on Hydroinformatics
2014

A New Spatial Interpolation Method Based On Cross-Sections
Sampling
Guoxian Huang
Binliang Lin
Jianjun Zhou
Roger Falconer
Qiuwen Chen

How does access to this work benefit you? Let us know!
More information about this work at: https://academicworks.cuny.edu/cc_conf_hic/103
Discover additional works at: https://academicworks.cuny.edu
This work is made publicly available by the City University of New York (CUNY).
Contact: AcademicWorks@cuny.edu

th

11 International Conference on Hydroinformatics
HIC 2014, New York City, USA

A NEW SPATIAL INTERPOLATION METHOD BASED ON CROSSSECTIONS SAMPLING
GUOXIAN HUANG(1,2), BINLIANG LIN(1, 3), JIANJUN ZHOU(3), ROGER FALCONER (1),
QIUWEN CHEN(2)

(1): Cardiff School of Engineering, Cardiff University, The Parade, Cardiff, CF24 3AA, U.K
(2): Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing,
100085,China
(3): Department of Hydraulic Engineering, Tsinghua University, Beijing, 100084, China

Conventional interpolation methods such as TIN, Kriging and IDW can give good results when
the resolution of sampling data is dense enough. However, the spatial distribution of source data
sampled using the classical cross-section method for river studies may have large spaces along
the longitudinal directions and small spaces along the transverse directions. The above
interpolation methods may not be able to accurate interpolation results. In the current study, a
new interpolation method is proposed, in which the river region is represented by a set of
curvilinear grids. A linear interpolation is undertaken first along the lateral direction and then
along the longitudinal direction. The application shows that the new method can give more
reasonable results than TIN, IDW and Kriging methods when cross-sectional sampling data are
used. The method is applied to the topographic interpolation for the Yangtze River in China and
the Ribble River in the UK.
1.

INTRODUCTION
Although there are many classical spatial interpolation methods such as Inverse Distance
Weighting (IDW), Triangulated Irregular Networks (TIN), Ordinary Kriging (OK), Universal
Kriging(UK), Multiquadratic Radial Basis Function (MRBF), and Regularized Spline with
Tension (RST) and etc., there may be large differences among the interpolation results by the
different methods and there is not an optimum interpolation method to solve all interpolation
problems. The topography interpolation at the special grid points is very important to the
calculation of variables related to channel topography. By the verification of 3-D flow field in
small river confluence, Dargahi (2004) considered the river geometry is one of key factor to the
3-D flow and sediment simulation and the discrepancies of river geometry and model geometry
may have large influences on the calculated flow field and believed that mis-interpolation of
river bed topography is one of the main error sources because the rapid variation in the
topography significantly affects the flow velocity distributions. Usually, the distance between
two cross-sections varies from several hundred to thousand meters, while the distance of the
sampling points at a cross-section ranged from several to hundred meters. The interpolation
accuracy may not be obtained using these classical interpolation methods. For example, due to

the large quantity of abnormal triangle cells, the interpolation error may increase using the IDW
and TIN methods. The results may not be improved by using the neighbouring approaches such
as IDW or Radial Basis Functions, because of the scarcity of data points selected along the
longitudinal direction compared to the transverse direction, and the river plane form can’t be
taken into account effectively by many classical interpolation methods. In the paper, a new
interpolation method named Linear Interpolation on the Fitted Curvilinear Grid of river channel
(LIFCG) is developed to take the changing of river regime for the cross-section sampling data
of river channel into account. The main steps include: (1) A set of orthogonal curvilinear grid is
generated to fit the plane form of river channel. The transverse grid lines near the cross-sections
should be parallel or fit to the cross sections; (2) Find the column number of every measured
cross-section for sampling points in the curvilinear grid systems and then interpolate the data at
the transverse grid points using the cross-section data and the linear interpolation method; (3)
Interpolate the surplus grid points along the longitudinal between neighboring cross-sections
using a linear interpolation method; (4) Based on the interpolation values at the dense grid
points, the second interpolation can be done using the classical interpolation methods. The
essence of the interpolation method is the linear arithmetic, so the method has same accuracy
with the dual linear and TIN interpolation methods.
2.

MAIN THEROY
There are three main steps of the new interpolation arithmetic, including the generation of
orthogonal curvilinear grid of river channel, bed level interpolation along the transverse grid
line and along the longitudinal grid line. In addition, several classical interpolation arithmetic
methods, such as generation of TIN using Delaunay method, related linear interpolation based
on the TIN, the interpolation theory of Kriging and IDW, are referenced in the papers for
comparison purposes(Li and Zhu 2000). In the paper, a mesh generation method based on the
complex function theory(Henrichi 1986) is used to generate the orthogonal curvilinear grid(Lin
and Chandler-Wilde 1996, Lin and Chandler-Wilde 2000). Due to the long term interaction
between the river flow and channel, the main axis of channel is usually parallel approximately
to the main flow and the spatial variation of river channel topography along the longitudinal
direction is far less than that along the transverse direction. Usually, the sampling cross-sections
are normal to the direction of main flow, or main channel. In order to improve the interpolation
accuracy, the transverse line of grid near the cross-section are adjusted to parallel
approximately to the cross-section during the generation of orthogonal curvilinear grid. A large
angle between the cross-section and the transverse line of grid may reduce the interpolation
accuracy. The distributions of orthogonal curvilinear grid and cross-sections are illustrated in
Fig.1.
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Fig. 1 The distribution of the cross-sections, grid cells and interpolation dots

The column order i for every cross-section for sampling points is calculated and then the value
of variables at every transverse grid point (i, j) are interpolated based on the cross-section data
and the linear interpolation method. Based on the grid point position P(i, j), the two
neighbouring sampling points A(n,k) and A(n,k+1) along a cross-section at the left and right of
G respectively are calculated. The linear interpolation formula used is:

zˆi , j = zn.k 
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(1)

where zˆi , j is the interpolated bed level at the ith column and jth row. zn , k ， zn , k 1 are the
sampling value at the left and right of grid point(i, j),

lˆn , j , ln ,k , ln , k 1 is the distance of from the

left bank to the point P(i, j), A(n,k) and A(n,k+1), respectively. Because the transverse line of
the adjusted curvilinear grid can fit well with the sampling cross-section of the river channel,
the transverse linear interpolation calculation may obtain data of high accuracy based on dense
sampling points along the cross-section.
After the linear interpolation on the transverse grid points fitting with cross-sections, the
interpolation along the longitudinal grid lines is carried out by using the formula (2):

zˆi , j = zis , j 

zie , j  zis , j
lisie

.lisi

(2)

where is , ie are the start and end column numbers along the transverse line which fits with
two neighbouring cross-sections respectively. lisi is the length of the longitudinal curve line
from the point Q to P(is, j). lisie is the length of the longitudinal curve line from the point P(is, j)
to P(ie, j), in which the position of P(ie, j) is the same as P(i, j).
3. CASE STUDY
The first case is a regular 1800 channel bend of 30 m wide and the bend radius on the central
line is 65 m (Fig. 2a). In order to analyze the differences between the true values and the
interpolation results obtained from the various interpolation methods with related different
parameter, the cross-section profiles (Fig. 2b) of the bend channel are uniform and expressed by
a quartic function as the following:
(3)
Z  0.000108x  0.008103x  0.208781x  1.878133x  11.379738
In this formula, x is the distance between an inner point and left bank along a cross section,
x  [0,30]. In order to eliminate the influence of the spatial scale of the curvilinear grid to
the calculation results, the grid set keeps unchanged while the spacing between the
neighbouring cross sections varies.
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Fig. 2 The sketch of the uniform curved channel in plane in the case 1

3.1 Distribution of topography isolines at dense sampling cross-sections.
The longitudinal spacing between the neighbouring cross sections is 10 and the transverse
spacing of the neighbouring sampling points along the cross-section is 0.5 m. The total number
of 2D grid cells is 180×60. Because the channel banks are regular arcs in this case, the grid
lines can keep orthogonal completely. Based on the dense sampling points the same as the grid
sets, the maps of the topography isolines generated by the source sampling data, the IDW and
KG interpolation data are shown in respectively. From these figures it can be seen that the
differences among the isolines given by IDW and KG and source sampling data at the dense
enough sampling data are very small. From table 1, it can be seen that the water volume below
12 meters and the square deviation of channel bed altitude keep the same as 21647.43 m3 and
0.000 based on the different interpolation results because the coordinate position of the
interpolation points are the same as the measured data.
3.2 Distribution of topography isolines with sparse sampling cross-sections.
The longitudinal space is equal to 120, while the transverse space of the neibourhouring
sampling points keeps unchanged. The distributions of the topography isolines generated using
IDW and KG methods based on the sparse sources data are shown in Fig. 3. A series of
unreasonable isolated and close contour bars caused by the interpolation method and sparse
sampling data are located along the river’s thalweg which are the most valuable topography
information to the navigation. By contrast analysis of different statistical parameters in Tab. 1
and the contour maps in Fig. 3, some preliminary conclusions based on the sparse cross-section
sampling method of river channel are drawn as follows: (1)The new method presented in the
paper may obtain the best interpolation accuracy with the smallest square deviation and
absolute difference compared to the true value of the water volume under 12 m,; (2) With the
increasing of the longitudinal distance between the measured cross-sections, the water volume
based on the interpolation result from IDW is larger than the true value, while the water volume
from TIN and KG is smaller than the true value. (3) No special parameters are needed when
using LIFCG and TIN. However, with the large spacing of the sampling data along the
longitudinal direction compared to that along the transverse direction, the abnormal triangular
cell may be appearing which reduces rapidly the interpolation accuracy and the fitness of
irregular river boundaries. (4) Based on the cross-section sampling data, the IDW method may
cause large errors because the number of the sampling points selected in the cross-section
direction is larger than the number in the longitudinal direction.
Tab. 1 Statistical values from different interpolation methods and parameters
Volume
Square
Absolute
Method Parameter
Grid Scale
below 12 m (m3) Deviation
error
0
IDW
21647.43
0.000
0.000
3.5，8
  1 , x  0.5 m
IDW

3.5，8

IDW

3.5，8

KG

0.3，8

  60 , x  0.5 m
  120 , x  0.5 m
  10 , x  0.5 m

21687.70

0.188

1.460

21720.24

0.318

2.088
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Fig. 3 The spatial distribution of isolines
3.3 Comparison of interpolation results by different methods in natural curved channel
Filed data measured along a strongly curved reach located in the middle part of main
channel of the Yangtze River is selected to validate the LIFCG model, together with the several
classical interpolation arithmetic methods. This is a narrow and deep channel, which is 3.5 km
long and 350 m wide in average. The set of data is used to check the property of interpolation
data. Using the cross-section sampling data which is regenerated from the dense sampling data,
the interpolation results by IDW, KG and LIFCG are seen in Fig. 4b, c and a respectively. By
comparing Fig. 4b, c with Fig. 4a, it can be seen that large differences exist which may be
caused by the abnormal spatial distribution of sampling data positions. In addition, there are
some unreasonable island contour’s distribution near the river’s thalweg based on the sampling
data KG and IDW (Fig. 4b, c). It is similar to the spatial distribution of the contours in the Fig.
3 b,c. Besides, when a boundary of the river channel is irregular, it is not easy to construct the
TIN to fit the boundary when the cross-section data is used and this may also cause some
interpolation errors using TIN method. Using LIFCG , the channel boundary can be well fit (Fig.
4d), so the interpolation results are more accurate than the TIN method.
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4 the comparison of measured data and interpolation results by sparse data

CONCLUSION

Comparisons have been made of the interplation results given from several methods and with
different types of sampling data. The main findings are:
(1) Accurate results are obtained using classical interpolation methods such as TIN, KG and
IDW, provided that the spatial resolution of the sampling points is sufficiently high.
(2) In general, the TIN and KG methods are more accurate than the IDW for the same
sampling data. However, when the cross-section sampling points are sparse, the interpolation
accuracy by KG, TIN and IDW is low.
(3) A new interpolation method named LIFCG is developed in which the spatial distribution of
channel boundaries can be better represented using the curvilinear grid system and linear
interpolations along the longitudinal and transverse grid lines. The interpolation results by the
new method may be significantly improved when a large set of cross-section sampling data is
used.
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